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Abstract
24
This work evaluated the performance of a microalgae treatment process for settled 25 municipal wastewater in a laboratory setting under static culturing conditions, as an 26 alternative to traditional, energy intensive secondary and tertiary wastewater treatment 27 systems. Primary tank settled wastewater (PSW) was first enriched with small quantities of 28 glucose (<300 mg L -1 ) as an organic carbon source to facilitate the bioremediation by the 29 mixotrophic microalga Chlorella vulgaris. Characterisation of the wastewater revealed 30 significant reductions in NH3-N (from 28.9 to 0.1 mg L -1 ) and PO4-P, (from 3.2 to 0.1 mg L -1 ) 31 in just 2 days. Additionally, the exogenous glucose appeared completely removed from the 32 wastewater after the first day. These achieved levels of treatment in respect of both the 33 NH3-N and PO4-P were much higher than those recorded without C. vulgaris treatment with 34 or without glucose enrichment. This would mean that the microalgae were chiefly conventionally termed the secondary treatment phase [1] . These secondary treatment 55 processes are dependent on oxygen (O2) to enable the endogenous microorganisms present 56 to breakdown and assimilate the organic and inorganic matter. This stipulation for O2 57 comes at a high cost with wastewater treatment consuming approximately 1 to 3% of the 58 total electricity generated in developed nations of which 40 to 60% is expended on 59 supplying air to the aeration basin [2] [3] [4] . This is important considering the cost to treat 60 wastewater is projected to rise as a result of growing urbanisation and the proposition of 61 more stringent effluent requirements. For example, the enactment of the Urban 62 Wastewater Treatment Directive sets European discharge limits at 2 or 1 mg L -1 total 63 phosphorus (TP) for population equivalence of <100k or >100k, respectively [5] . These 64 discharge limits contribute considerably to the natural P concentrations in riverine and 65 estuarine environments [6] , and decreasing inputs of P to receiving systems is considered 66 key to reducing eutrophication [7] . In order to limit phytoplankton growth and thus 67 eutrophication in receiving waters, discharge TP concentrations of <0.5 mg L -1 is necessary 68 and currently under consideration [8] . 69 In recent decades, policies to safeguard water resources have influenced the 70 development of wastewater treatment systems and its management, including a focus on 71 4 energy consumption and the sustainable performance of these industrial processes. Given 72 the importance of wastewater treatment, a key question is how to reduce energy 73 consumption of this process without affecting performance in respect to meeting water 74 discharge limits. One direction towards making wastewater treatment more sustainable is 75 to recover the resources that it holds, such as water, nutrients (e.g. P and N) and energy. One particular option for the remediation and capture of inorganic N and P from 83 wastewater is using microalgae. The rationale behind this approach lies in the ability of 84 mixotrophic microalgae to utilise organic and inorganic carbon, as well as the N and P in 85 wastewater for their growth, hence leading to a reduction in the concentration of these 86 substances that will meet discharge limits. Simultaneously, energy-rich microalgal biomass 87 is produced that could be recovered and utilised for the generation of energy or other 88 products following further processing. The remediation potential of this approach has been 89 evaluated for use in an array of wastewater types with promising results [11, 12] Strain CCAP 211/79 was maintained in a modified Bold basal medium (BBM, Table S1 151 and S2) adjusted to pH 7.2 and heat sterilised (121°C, 15 minutes).
152
Seed cultures used as the inoculum for all experiments were maintained in 350 mL 153 BBM cultured in 500 mL glass bottles which were aerated continuously with atmospheric air long sea outflow [20] . 173 The samples were collected from this same primary settling tank effluent channel for 174 all our experimental work. Wastewater samples were collected fresh on the day an 175 experiment was to be commenced and taken directly to Heriot-Watt University where they 176 were processed within two hours. Prior to use in our experiments, the wastewater was The working procedures for the following analyses were scaled to a 5 mL sample 260 volume: NH3-N was quantified by the Phenate method measured at 635 nm (4500-NH3 F); Figure 2C ). However, as the pH did not increase above 8 in these treatments, no 407 substantial decrease in PO4-P could be attributed to phosphate precipitation. 
